High throughput analysis of protein-protein interactions is an important sector of hypothesis-generating research. Using an improved and automated version of the yeast two-hybrid system, we completed a large interaction screening project with a focus on nuclear receptors and their cofactors. A total of 425 independent yeast twohybrid cDNA library screens resulted in 6425 potential interacting protein fragments involved in 1613 different interaction pairs. We show that simple statistical parameters can be used to narrow down the data set to a high confidence set of 377 interaction pairs where validated interactions are enriched to 61% of all pairs. Within the high confidence set, there are 64 novel proteins potentially binding to nuclear receptors or their cofactors. We discuss several examples of high interest, and we expect that communication of this huge data set will help to complement our knowledge of the protein interaction repertoire of this family of transcription factors and instigate the characterization of the various novel candidate interactors.
Nuclear receptors are a family of transcription factors involved in the control of many physiological processes including development, sexual differentiation, inflammation, and metabolism (1, 2) . They can bind to DNA directly or via interaction with other proteins. Nuclear receptor activity is regulated by the binding of small molecule ligands to the receptor and/or by posttranslational modifications. Activation of nuclear receptors involves a change in conformation that affects the interaction of the receptor with other proteins, which in turn brings about the effect of the receptor on gene expression (3, 4) . Knowledge about the ligand-dependent binding of nuclear receptors to their cofactors is central to the understanding of their physiological function and their use as targets for drug discovery (5) . However, the available knowledge is highly biased toward a few intensively studied receptors, and little is known for the potential interaction patterns of the rest of the family (6) .
The elucidation of protein-protein interaction patterns provides an important basic data set in the functional analysis of the proteome. In the past, large data sets on protein interactions have been reported for model organisms such as yeast (7) , fly (8) , and worm (9) . Here we present a protein interaction data set focusing on the family of human nuclear receptors generated by automated yeast two-hybrid (Y2H) 1 library screening. Application of statistical selection methods led to the generation of a high confidence subset of interaction pairs.
EXPERIMENTAL PROCEDURES
Yeast Two-hybrid Screening-"Bait" is the protein or protein fragment for which we tried to find interacting proteins in a cDNA library using the yeast two-hybrid method. The bait is always a fusion with the DNA binding domain of the GAL4 transcription factor. "Prey" is a protein or protein fragment isolated from a cDNA library in a yeast two-hybrid screen as potentially interacting with the bait. The prey is always a fusion with the activation domain of the GAL4 transcription factor. cDNAs encoding bait fragments were generated by PCR, cloned into pDONR201, and transferred into GATEWAY (Invitrogen)- 1 The abbreviations used are: Y2H, yeast two-hybrid; LBD, ligand binding domain; PPAR, peroxisome proliferator-activated receptor; GCNF, germ cell nuclear factor; PNR, photoreceptor cell-specific nuclear receptor; PNRC, proline-rich nuclear receptor co-regulatory protein; SF1, steroidogenic factor 1; ER, estrogen receptor; ERR, estrogen-related receptor; ROR, retinoid-related orphan receptor; NR, nuclear receptor; TR2 and TR4, testicular orphan receptors 2 and 4; PR, progesterone receptor; EAR, eosinophil-associated ribonuclease; COUP-TF, chicken ovalbumin upstream promoter-transcription factor; GABARAP, ␥-aminobutyric acid receptor type A receptorassociated protein; NCoA, nuclear receptor coactivator; SRC1, steroid receptor coactivator 1; TIF2, transcriptional intermediary factor 2; NCoR, nuclear receptor co-repressor; SMRT, silencing mediator for retinoid and thyroid hormone receptor; TRIP1, thyroid hormone receptor-interacting protein 1; PHLP, phosducin-like protein; NUCB, nucleobindin; LRH1, liver receptor homologue 1; pCAF, p300/CBPassociated factor (CBP, cAMP-response element-binding protein (CREB)-binding protein); SHP, short heterodimer partner; UTR, untranslated region; HNF4␣, hepatocyte nuclear factor 4␣; MR, mineralocorticoid receptor; SKIP, Ski-interacting protein; VDR, vitamin D receptor; TRAP, thyroid hormone receptor-associated protein; PXR, pregnane X receptor; RAR, retinoic acid receptor; SMIF, Smad-interacting factor; TR␣, thyroid hormone receptor ␣; SHARP, SMRT/ HDAC1-associated repressor protein (HDAC1, histone deacetylase 1); LXR, liver X receptor; eEF-1D, eukaryotic elongation factor-1D. compatible versions of pGBT9 and pGAD424 by the LR reaction as specified by Invitrogen. Yeast strain CG1945 (Clontech) was transformed with the resulting vector. cDNA libraries (Clontech) were transformed into Y187 (Clontech). Both full-length receptor and fragments encompassing only the LBD of these receptors were screened against several cDNA libraries in the presence or absence of appropriate small molecule ligands. For screening, bait-and prey-expressing yeasts were mated in YPDA (yeast extract, peptone, dextrose, and adenine) in the presence of 10% polyethylene glycol 6000. Medium was changed to selective medium (synthetic dextrose) lacking Leu, Trp, and His with the following additives: 0.5% penicillin/streptomycin (50 g/ml, Invitrogen), 50 M 4-methylumbelliferyl-␣-D-galactoside (Sigma), and varying concentrations of 3-aminotriazol (Sigma). In addition, low molecular weight ligands of nuclear receptors were added to some of the screens as indicated in Supplemental Data 1. The mating efficiency was determined by plating of cells on selective agar plates. Typically 5-40 million diploids were generated. The cell suspension was then aliquoted into microtiter plates (96 wells/plate, flat bottom, 200 l/well) and incubated for 3-7 days. To identify wells containing positive clones, fluorescence was determined on a SpectraFluor fluorometer (Tecan) at 465 nm (excitation at 360 nm). Wells that displayed fluorescence above background were identified and automatically collected by a Tecan Genesis 200 robot. Selected cells were passaged to new wells twice and once to an agar plate before amplifying the library inserts by PCR. PCR products of sufficient quality for sequencing were collected, and the identity of the insert was determined by DNA sequencing in house or at GATC Biotech AG (Konstanz, Germany). We did not succeed in cloning NHR3B2/ERR␤. For the following nuclear receptors, we failed to find useful screening conditions: NR1F3/ROR␥, NR2C1/TR2, NR2C2/TR4, NR2E1/TLX, NR3C3/PR, NR5A1/SF1, NR6A1/GCNF, NR4A1/Nurr77, and NR2E3/ PNR. PPAR␣ had to be removed from the data set after the project had been completed due to a mutation in the bait construct that had previously been overlooked.
Definition of a High Confidence Data Set-To determine the promiscuity of a prey, the number of different baits that led to the isolation of the prey was considered. For example, NM_003299/Hsp96 2 has been found with six different baits; thus, the number of different baits is 6. Different fragments of the same bait were treated as the same bait. For example, NM_001584 has been found to bind to both fulllength NR2F6/EAR2 and to fragments of the same protein encompassing only the ligand binding domain as well as to NR2F1/COUP-TFII. In this case, the number of different baits of NM_001584 is 2 because two of the baits are derived from the same gene and the fragments overlap (i.e. the ligand binding domain overlaps to its entirety with the full-length protein). To yield the promiscuity, the number of different baits per prey was divided by the total number of times this prey was isolated in our screens. This normalization step accounts for the abundance of the prey in the cDNA libraries screened. For example, NM_003299/Hsp96 has been found altogether eight times with six different baits so the promiscuity is 6/8 ϭ 0.75, whereas for retinoid X receptor ␣, which has been found 329 times with 13 different baits, the promiscuity is 0.04.
To determine the promiscuity of the bait, the number of different prey proteins isolated with a given bait was divided by the number of different fragments analyzed with the bait. For example, for NR3A2/ ER␤, we isolated 56 cDNA fragments that came from 43 different proteins. Thus, the promiscuity is 43/56 ϭ 0.77. For the LBD of NR3A2/ER␤, we isolated 141 cDNA fragments that came from 13 different proteins such that the promiscuity is 0.09. In this case, the promiscuity of each different bait fragment was determined, and overlapping fragments of the same protein were not pooled for the analysis (as for determining the promiscuity of the preys). To determine the promiscuity of protein pairs, the promiscuities of the respective bait and prey were multiplied.
To select pairs based on the interaction pattern, we defined groups of paralogues and highly related proteins. In the following, these groups are listed separated by semicolons: NM_003743/SRC1, NM_006540/TIF2, and NM_006534 NCoA3; NM_006311/NCoR1 and NM_006312/SMRT; the NR1 subfamily; the NR2 subfamily; the NR3 subfamily; the NR4 subfamily; NM_002805/TRIP1, NM_005388/ PHLP, NM_006503/MIP221, and NM_002815/PSMD11; NM_007285/ GABARAPL1 and NM_031412/GABARAPL2; NM_006813/PNRC1 and NM_017761/PNRC2; NM_005013/NUCB1 and NM_006184/ NUCB2; NM_001455/FOXO3A and NM_002015/FOXO1A; the troponins; and the actinins. NR5A2/LRH1 was grouped with the NR3 subfamily since it displayed markedly similar interaction patterns. Pairs were selected based on their interaction pattern if (i) a protein A interacts with a protein B, and the identical protein A interacts with a protein BЈ where B and BЈ are related proteins as defined above (for example, pCAF is seen to interact with actinin ␣1 and also with the related protein actinin ␣2) or if (ii) an interaction of two proteins A and B is also observed for two proteins AЈ and BЈ where A is related to AЈ and B is related to BЈ (for example, NR0B2/SHP ("A") interacted with NR3B1/ERR␣ ("B") and NR0B1/DAX ("AЈ," related to NR0B2/SHP) interacted with NR3B3/ERR␥ ("BЈ," related to NR3B1/ERR␣). To select pairs based on the independent occurrence of the interaction, all pairs were considered where one of the following conditions was met: i) isolation of the same preys from different cDNA libraries (when screening multiple cDNA libraries with the same bait), ii) isolation of the same prey with different but overlapping fragments of the same bait, or iii) isolation of the bait as a prey when the prey is used as a bait protein in screens (reciprocal interaction).
For all interaction pairs, the part of the mRNA corresponding to the isolated fragments (the 5Ј-UTR, the coding region, or the 3Ј-UTR) was determined. All fragments that corresponded to the non-coding strand of cDNAs were automatically removed. For 7.7% of all pairs, only fragments corresponding to the 3Ј-UTR were found; these were removed in the final selection. All other clones were kept for further analysis. For 11.8% of interaction pairs only fragments with a fusion point mapping to the 5Ј-UTR were isolated, for 43.8% of pairs only fragments with a fusion point mapping to the coding region were isolated, and for 5.6% of pairs fragments with a fusion point mapping to several regions, including the coding region, were isolated. For 31% of the fragments, the coding region was not known at the time of the analysis. Translational frameshifting can lead to significant expressions of the correct reading frame even in cases when stop codons or frameshifts are generated for the hybrid proteins (8) , and the reading frame is not a good predictor for the reliability of an interaction (9) . For this reason, stops and frameshifts were not used as criteria to remove preys from the data set.
All steps of the process were directed by a dedicated laboratory information management system using a relational data base (Oracle). Assignment of experimentally detected sequences to known sequence entries was performed by a "blastn" search against a data base containing Homo sapiens RefSeq sequences from the National Center for Biotechnology Information (NCBI). In case there was no assignment at an e-value below 10 Ϫ5 , a second blast against a H. sapiens subset of the UniGene data base (NCBI) was run.
RESULTS

High Throughput Yeast Two-hybrid Screening
The goal of this project was an unbiased, systematic approach to the isolation of proteins potentially interacting with 2 NM_003299 and all other accession numbers mentioned in this paper are from GenBank TM .
nuclear receptors by use of the Y2H system. To make a project of this scale feasible, the throughput of the method was increased by performing all operations on microtiter plates and with pipetting robots. Among many other incremental improvements, the use of quantifiable reporters was an important step in reducing the background of spurious positive clones (see "Experimental Procedures"). Full-length versions or fragments from 38 of the 48 human nuclear receptors were successfully used as baits in screens against several cDNA libraries each in the presence of appropriate small molecule ligands. 23 additional proteins were included in our set of baits, most of which are known to bind nuclear receptors directly or indirectly. Over 12,000 different fragments were isolated initially. After automated removal of poor quality data and sequences mapping to the non-coding DNA strand, 6425 cDNA fragments were retained in our data base, forming 1613 different protein interaction pairs.
Generation of a High Confidence Data Set
Statistical parameters have been used successfully to evaluate the reliability of protein-protein interactions in large data sets (8 -11) . To evaluate the results of a selection of protein pairs based on statistical values, we defined positive and negative reference data sets. A positive reference data set was defined consisting of 257 previously published interaction pairs and of interactions of well known cofactors with nuclear receptors. A negative reference data set of 34 different pairs was defined consisting of proteins that are well known to reside outside the plasma membrane or within the mitochondrion. Four different parameters were found to be useful to enrich for the positive reference data set. First, the number of different interaction partners of the proteins forming the interaction pair (the promiscuity, see "Experimental Procedures" for details) can be used to deplete for interactions involving promiscuous proteins. Fig. 1A depicts the effects of using the promiscuity of a protein pair (x axis) as a selection criterion on the fractions of remaining pairs from the reference sets (y axis). As can be seen, the fraction of pairs from the positive reference set increases as the data set is depleted for protein pairs that involve highly promiscuous partners. Second, the number of times a given prey was isolated is a useful parameter to enrich for interaction pairs from the positive reference set. As seen in Fig. 1B , setting a minimum number of times that a prey has been isolated as a threshold criterion for selection of pairs leads to an increase in the fraction of pairs from the positive reference set as the threshold is increased. Fig. 1C shows a plot of the different protein pairs according to the promiscuity of the pair against the number of times the respective prey has been isolated in our screens. In this plot, rare interactions of promiscuous proteins are localized to the top left, whereas frequently found preys that are involved in non-promiscuous interactions are localized to the bottom right. To allow for seldom found preys involved in interactions with a low promiscuity, we divided the data set according to diagonal lines with varying slopes. A decreasing slope effectively enriches for the positive reference data (Fig. 1D) . Selection of protein pairs according to the separation lines shown in Fig. 1, C and D, leads to an enrichment of the positive reference data set to 53% and to a loss of 76% of all interaction pairs but only 15% of the positive reference data.
As a third parameter, we looked for interactions that were picked up independently in several approaches, e.g. in screens against different cDNA libraries. This selection aims to deplete "technical" false positives where the interaction is not caused by an interaction of the bait and prey protein but by a spurious event specific to the Y2H method (12) . As a fourth criterion, an evolutionary argument was used. If an interaction signal is based on a true affinity of two proteins and not on a technical artifact, similarity in protein sequence should be reflected in similar interaction properties. Based on this principle, pairs were selected if a protein interacted with two or more paralogues or if paralogous proteins interacted with proteins highly related to each other.
To derive a high confidence data set, we selected interaction pairs that meet at least three of the four selection criteria, yielding 377 different protein pairs (for details, see Supplemental Data). 61% (232) of these pairs reproduce previously published interactions or interactions of nuclear receptors with well known cofactors, 32% (120 pairs) involve novel proteins potentially associated with nuclear receptors, and 25 (7%) are interactions from the negative reference set (putative false positives). Fig. 2 summarizes the effects of applying the different selection criteria.
This data set contains numerous interaction pairs that had not previously been reported (Fig. 3, A and B; for details, see Supplemental Data). We believe that the fact that these novel interactors are found within a group of proteins where 61% of different interactions involve previously validated interactors allows the assumption that many of them of should be of biological significance. Several examples of interest are discussed below.
Examples of Potential Novel Nuclear
Receptor-binding Proteins NM_025082 and NR3A1/ER␣-Fragments corresponding to the cDNA NM_025082 were isolated from five different libraries in screens using the LBD of NR3A1/ER␣ as a bait. In addition, use of NR5A2/LRH1-LBD as a bait led to the isolation of NM_025082 from two different cDNA sources. No other baits picked up this cDNA clone. When we tested the full-length coding sequence of this cDNA for interaction with NR3A1/ER␣, NR3A2/ER␤, NR3B1/ERR␣, and NR3B3/ERR␥, the clone gave strong interaction signals for all receptors FIG. 1. A, B, and D, subsets of data were generated by excluding all interaction pairs that were beyond an increasing threshold level displayed on the x axis. The y axis of the graphs show the positive (pos, green squares) and negative (neg, red triangles) reference sets of different protein pairs as fractions of the remaining data as well as the overall number of pairs remaining (all, blue circles) as a function of the threshold level on the x axis. A, percentage of the three data sets as a function of decreasing promiscuities of the interaction pair as a threshold from left to right. B, percentage of the three data sets as a function of the occurrence of the prey (i.e. the total number of times a prey of a respective protein pair was isolated in our screens). C, plot of the promiscuity of a given pair against the occurrence of the respective prey. In C, blue circles depict except ER␤. 3 For NR3A1/ER␣, the interaction was dependent on the presence of 17␤-estradiol.
ER␣ is a well studied protein, and more than 90 different proteins have been published to bind this protein (6, 13) . We were therefore surprised to see hitherto unpublished interactors of this receptor appearing in our screens. However, ongoing research has confirmed the interaction of NM_025082 and NR3A1/ER␣ by independent methods and shown that it depends on an LXXLL motif related to the one of NR0B2/SHP and appears to have a negative effect on ER␣-but not ER␤-dependent transcription. 3 Interestingly use of this protein as a bait led to the isolation of 66 fragments of a single protein, Par4/ NM_002583, which has been reported to play a role in apoptosis in prostate cancer cells and transcriptional regulation (14) .
NM_002763/Prox1-Prox1 is a homeobox-containing transcription factor that is involved in eye development and lymphatic endothelial differentiation (15) . Fragments of Prox1 were picked up as potential interactors of NR1C2/PPAR␤, NR1F1/ROR␣, NR2A1/HNF4␣, NR3B1/ERR␣, NR3B3/ERR␥, and NR3C2/MR. Several independent fragments of this protein were isolated, all of them in a cDNA library prepared from testis. No other bait led to the isolation of Prox1. In quantitative PCR analysis of the tissue distribution of these receptors, we find that NR1C2/PPAR␤, NR3B1/ERR␣, NR3C2/MR and the splice variant 2 NR1F1/ROR␣ are expressed to significant levels in testis. 4 An interaction of NR5A2/LRH1 and Prox1 has been reported (16) , supporting the idea that Prox1 is a novel nuclear receptor-binding protein.
The NR2F Family-A strong case for specificity can be made when related baits selectively interact with related preys. Screens using NR2F1/COUP-TFI, NR2F6/EAR2, or the LBD of NR2F6/EAR2 as baits led to the isolation of multiple fragments of two proteins with homology to phosphoesterases NM_001584 and NM_001585 (Fig. 4) . These two proteins are 79.3% identical in amino acid sequence. The fact that two related receptors independently lead to the isolation of two very similar proteins lends support to the assumption that these interactions should be of biological significance. Another case of similar interaction patterns of paralogues is the binding of COUP-TFI and COUP-TFII to the eukaryotic translation elongation factor eEF-1D.
NCoA62/SKIP-NCoA62/SKIP has been reported as a protein interacting with NR1I1/VDR as well as with several cofactors (17) . Screens using NCoA62/SKIP (amino acids 209 -336) as a bait led to the isolation of the nuclear receptors DAX/ NR0B1, SHP1/NR0B2, and NR2F2/COUP-TFII, suggesting that the panel of receptors interacting with NCoA62/SKIP may be greater than hitherto assumed. The reciprocal isolation of NCoA62/SKIP in a screen using NR0B1/DAX as bait confirms this interaction. In addition, a cDNA corresponding to NM_138421 was isolated as a high confidence interactor of NCoA62/SKIP. NM_138421 has also been isolated with another cofactor, the TRAP220 protein (not shown). Potentially NM_138421 may be of importance in bridging NCoA62/SKIP and the TRAP-mediator complex for interaction with nuclear receptors.
PNRC2-PNRC2 is a cofactor of nuclear receptors isolated by Y2H screens using NR5A1/SF1 as bait (18) . While our efforts to screen with SF1 as a bait failed, we isolated PNRC2 as a prey with 10 different nuclear receptor baits: NR3A1/ER␣, NR3A2/ER␤, NR3B3/ERR␥, NR2A1/HNF4␣, NR2A2/HNF4␥, NR5A2/LRH1, NR1I2/PXR, NR1B3/RAR␥, NR1F1/ROR␣, and 3 M. Albers and M. Koegl, unpublished. 4 C. Kaiser and M. Koegl, unpublished.
FIG. 2. Enrichment for the positive reference set by various criteria.
Subsets of the whole data set (top pie chart) were selected according to the criteria indicated. Dark gray area, positive reference set; light gray area, negative reference set; white area, unclassified interactions. The overlap of the subsets generated by the three criteria is indicated by numbers over the arrows. Selection of interactions that meet at least two of the three criteria (bottom row, left pie chart) and of interactions that meet all criteria (bottom right) after removal of fragments mapping to the 3Ј-UTR of the cDNA are shown.
interactions that were not part of the positive or negative reference set. For definition of the high confidence data set, only pairs mapping below the diagonal cut-off line were considered. D, percentage of the three data sets at decreasing slopes of the diagonal cut-off line displayed in C. A slope of 0.1 has been applied to our data set as the threshold to enrich for interaction pairs of the positive reference set as shown in C and D. NR1F2/ROR␤. Thus, PNRC2 appears to be a more general cofactor for nuclear receptor than previously appreciated. When full-length PNRC2 was used as bait in our screens, the only protein isolated was a transcription factor termed Smadinteracting factor (SMIF). When the screen was repeated with a fragment of PNRC2 (amino acids 74 -139), again only SMIF was isolated as a prey. This protein binds to components of the transforming growth factor-␤ signal transduction pathway and cooperates with the transforming growth factor-␤-stimulated transcriptional regulator SMAD4 (19) . The potential interaction of SMIF with PNRC2 is suggestive of a functional link between transforming growth factor-␤ signaling and the activity of the nuclear receptor cofactor PNRC2, an assumption that should be readily testable.
Cullin 1 and NR1A1/TR␣-Cullin 1 (NM_003592) was found in screens with the LBD of NR1A1/TR␣ in the presence of triiodothyronine as several independent fragments in liver, testis, and kidney cDNA libraries. Cullins are a family of proteins that function in ubiquitin-dependent protein degradation (20) . The importance of the ubiquitin system for nuclear re- ceptor activity (21, 22) suggests that cullin-dependent ubiquitination may play a role in regulating the activity of the thyroid hormone receptors. Of note, the only other bait that led to the isolation of Cullin 1 was the LBD of NR1D1/EAR1b, a nuclear receptor of the same subfamily as NR1A1/TR␣.
SMRT-When a fragment of the corepressor SMRT was
used as bait, fragments from 21 potentially interacting different proteins were isolated. Among those, nine nuclear receptors were found that had previously been shown to interact with this corepressor as well as the SMRT-binding protein SHARP (23) . The isolation of these established interactors of SMRT demonstrates that the screen has worked technically well and lends trust to other potentially novel interactors of SMRT. The most prominent protein fragment isolated with SMRT as a bait corresponds to a protein termed ABIN-2 (NM_024309), which has been isolated 92 times from six different cDNA libraries. ABIN-2 has been described as an inhibitor of the I-B kinase complex (24, 25) . Recently it has been reported that ABIN-2 has transcriptional activating functions and may be considered as a novel transcriptional cofactor (26) . In our screens, ABIN-2 has also been isolated with the cofactor TSG101 as a bait as well as with NCoA62/SKIP, albeit only once. Its high prevalence in screens with SMRT and its isolation with two other nuclear receptor-binding proteins warrants further examination of the role of this protein in transcriptional regulation by nuclear receptors. FOXO Transcription Factors-The FOXO family of transcription factors is important in the regulation of cell proliferation and survival. Inhibition of FOXO proteins by insulin-, androgen-or transforming growth factor-␤-dependent signal transduction events is crucial in the prevention of apoptosis and the initiation of cell proliferation (27) . Previously functional interactions between FOXO1a/FKHR and nuclear receptors (28 -30) have been reported.
In our screens, we have isolated FOXO1a as a low confidence interactor of NR1C2/PPAR␤, NR2A2/HNF4␥, and NR3C2/MR-LBD (not shown). Interestingly the related protein FOXO3a has been isolated as a high confidence interactor of NR1H3/LXR␣ and NR1H2/LXR␤ but not with any other bait. The FOXO3a prey has been picked up in the screens only in presence of the synthetic LXR agonist T0901317 but not in the absence of ligand. A potential interaction of NR1H3/LXR␣ and NR1H2/LXR␤ with FOXO3a would be expected to influence the activities of the transcription factors. Preliminary co-transfection experiments with full-length FOXO3a support this possibility.
DISCUSSION
The analysis of protein interaction networks in model organisms has shown that statistical parameters can be used for efficient enrichment of relevant interactions such as the detection of circular interaction patterns (e.g. Ref. 8) . While the focus around a single family of proteins and the comparably low number of bait proteins in this project has prevented us from systematically applying all such methods, the higher depth of screening has allowed us to apply relatively simple but efficient criteria to select high confidence interactions. When all these criteria are applied to select a data set, prevalidated interactions are enriched to 78%. Based on the principle of "good neighborhood," it appears reasonable to assume that novel interactions found within a statistically selected data set consisting to 78% of prevalidated interactions are likely to be of biological relevance. Despite the dramatic enrichment for prevalidated interactions that can be achieved, it has to be mentioned that there is a caveat in the definition of the positive reference set: interactions that are published first tend to be the ones most easy to find such that clones that are found frequently in two-hybrid screens are more likely to be validated by publication than rare ones. For this reason, methods that enrich for a positive reference data set based on literature data are likely to enrich for frequently found interactions. At the same time, our enrichment methods will select against preys that are expressed in only a few tissues and/or at a low level. Thus, we expect that many interactions of biological significance can be found among the low confidence interactions. Enlargement of the data set and refinement of selection methods will allow some of the protein pairs missed in the present state of the analysis to be pinpointed.
None of the enrichment methods were efficient in depleting interactions from the negative data set. This is most likely a reflection of their being not technical artifacts of the Y2H method but biological artifacts that are caused by the coexpression of two proteins that indeed display affinity for each other but never meet unless artificially co-expressed. Within the limits of the Y2H method or any other method that measures the affinity of two proteins, these artifacts cannot be expected to be efficiently identified.
We publish this data set with the goal of instigating further research on potential novel NR-interacting proteins. Together with other functional genomic approaches, the supply of systematic data sets to the research community will both instigate hypothesis-driven research as well as provide the data basis for integrative approaches to cell biology. * This work was supported in part by the ProInno Grant KF 0130201KULO from the Arbeitsgemeinschaft industrieller Forschungsvereinigungen. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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